A Gram-stain-negative, oxidase-and catalase-positive bacterial strain that was motile by gliding and produced a pink pigment, designated DCY49 T , was isolated from soil of a ginseng field in a mountainous region of Chungbuk province, South Korea. 16S rRNA gene sequence analysis revealed that strain DCY49
The genus Pedobacter (family Sphingobacteriaceae, phylum Bacteroidetes; Margesin & Shivaji, 2011) was first proposed by Steyn et al. (1998) with the description of four heparindegrading species: Pedobacter heparinus (as the type species), P. piscium, P. africanus and P. saltans. At the time of writing, the genus Pedobacter includes 35 recognized species. Members of the genus Pedobacter are Gram-stain-negative, strictly aerobic rods that are nonmotile or motile by gliding, with menaquinone 7 (MK-7) as the predominant isoprenoid quinone and a DNA G+C content of 36-45 mol%. Pedobacter strains have been isolated from a variety of environments, such as soil, sediment or compost (Yoon et al., 2007; Gordon et al., 2009; Lee et al., 2009) , drinking water (Gallego et al., 2006) , a hypertrophic pond (Hwang et al., 2006) , alpine glacier cryoconite (Margesin et al., 2003) and a nitrifying inoculum (Vanparys et al., 2005) . In this study, one strain (DCY49 T ) isolated during the screening of bacterial communities in soil was characterized by a polyphasic approach to determine its exact taxonomic position. Our results indicate that strain DCY49
T is a member of the genus Pedobacter and is clearly distinct from all other Pedobacter species with validly published names. We therefore propose that strain DCY49
T represents a novel species of the genus Pedobacter.
Strain DCY49
T was isolated from soil of a ginseng field in a mountainous region of Chungbuk province, South Korea, by plating of serial dilutions on 1/5 R2A agar (Difco). Single colonies were selected and transferred onto new plates for purification. Routine cultivation was performed on R2A agar at 30 u C and the isolate was stored at 280 u C in R2A broth (Difco) supplemented with 25 % glycerol.
Genomic DNA of strain DCY49
T for 16S rRNA gene sequencing was extracted and purified using a genomic DNA isolation kit (Core Bio System). The 16S rRNA gene was amplified from the chromosomal DNA using the universal bacteria primer set 27F and 1492R (Lane, 1991) , and the purified PCR products were sequenced by Genotech (Daejeon, South Korea) according to Kim et al. (2005) . The almost-complete sequence (1410 bp) of the 16S rRNA gene was assembled by using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from GenBank and gaps were edited in the BioEdit program (Hall, 1999) . Multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) and evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . The neighbour-joining (Saitou & Nei, 1987) and maximumparsimony methods were used to calculate evolutionary distances and to draw phylogenetic trees using the MEGA4 program (Kumar et al., 2001) . Bootstrap analysis (Felsenstein, 1985) with 1000 replications was also conducted in order to evaluate the confidence level of the branches. The type strains of all closely related species were included in the phylogenetic analysis (Fig. 1) . Comparison of the 16S rRNA gene sequence of strain DCY49
T with existing sequences from the public databases using the EzTaxon server v. 2.1 (Chun et al., 2007) Pedobacter species were ,93.6 %. Hence, the type strains of the above nine species were obtained from culture collections and used as reference strains in most investigations listed below.
Cell morphology and motility were observed by light microscopy (61000 magnification) on cells grown in R2A broth for 1 day at 28 u C. The hanging-drop technique was used to assess gliding motility (Bernardet et al., 2002) . Transmission electron microscopy was also carried out. Briefly, bacteria were grown on R2A agar at 28 u C for 24 h; V.-A. Hoang and others suspended cells were placed on carbon-and Formvarcoated nickel grids for 30 s, and grids were floated on one drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then viewed with a Carl Zeiss electron microscope (LOE912AB) at 100 kV under standard operating conditions. Gram staining was performed by using the staining method described by Bartholomew & Finkelstein (1958) . Growth of strain DCY49
T was tested in R2A broth and R2A agar at 4, 8, 12, 16, 20, 22, 25, 28, 30, 32, 33, 34, 35 and 37 u C. Growth at pH 4-11 was examined at 28 u C in R2A broth adjusted with citrate/Na 2 HPO 4 buffer (pH 4-5), 50 mM MES (pH 5-7), HEPES (pH 6-8) and NaHCO 3 / Na 2 CO 3 (pH 8.5-11.0). The requirement for and tolerance to NaCl [0-10 % (w/v), at 0.5 % intervals] were tested in R2A broth and on R2A agar. Oxidase activity was evaluated via the oxidation of 1 % p-amino dimethyl aniline oxalate. Catalase activity was tested by mixing a young colony with one drop of 3 % (v/v) hydrogen peroxide solution. Growth of strain DCY49
T was tested on nutrient (NA; Difco), trypticase soy (TSA; Difco), R2A (Difco) and MacConkey (Difco) agars at 28 u C. To assess anaerobic growth, R2A agar plates were incubated in a CO 2 -enriched atmosphere, using the BD GasPak EZ Gas Generating system (BD). H 2 S production was evaluated on triple-sugar iron agar. Methyl red and Voges-Proskauer reactions were tested in ClarkLubs medium (Scharlau). Utilization of citrate was tested on Simmons' citrate agar (Sigma). Nitrate reduction was tested in nitrate broth containing 0.2 % KNO 3 (Skerman, 1967) . Urease activity was evaluated in Christensen's medium (Christensen, 1946) . Hydrolysis of the following substrates was tested: gelatin (on medium containing 0.3 % beef extract, 0.5 % peptone and 1.2 % gelatin); starch [on R2A agar containing 1 % starch (Difco)]; casein [on R2A agar supplemented with 2 % skimmed milk (Difco)]; Tweens 20 and 80 (on R2A agar containing 0.02 % CaCl 2 and 1 % Tween 20 or 80) (all according to Cowan & Steel, 1974) ; DNA [on DNase agar (Scharlau)]; aesculin [on R2A agar containing ferric citrate (0.02 %; Fluka) and aesculin (0.3 %; Sigma)]. Indole production was determined with Kovács' reagent in 1 % tryptone broth. A medium containing 0.5 % peptone, 0.5 % NaCl and 0.001 % phenol red was used to assess acid production from carbohydrates (Cowan & Steel, 1974) . Acid and gas production from glucose, lactose and sucrose were determined in triplesugar iron agar (Difco). Antibiotic susceptibility was evaluated according to Bauer et al. (1966) using Oxoid antibiotic discs, on Mueller-Hinton agar plates incubated at 28 u C for 48 h under aerobic conditions. Inhibition zones were interpreted according to the manufacturer's manual. P. aquatilis AR107 T was employed in these tests as a reference strain. The antibiotic test kit (Oxoid) used comprised the following discs: penicillin G (10 IU), neomycin (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), streptomycin (10 mg), ampicillin (10 mg), chloramphenicol (30 mg) and tetracycline (30 mg). Carbon source assimilation, enzyme production and other tests were conducted using the API 20NE, API ZYM and API 50CH strips according to the manufacturer's instructions (bioMérieux). The strips were incubated at 28 u C and recorded after 24 and 48 h. The phenotypic characteristics of strain DCY49
T are given in Table 1 , and in the species description.
For fatty acid analysis, strain DCY49
T and the nine reference type strains were grown on TSA for 1 day at 28 u C. Cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock microbial identification system (MIDI) and analysed by capillary GLC (Hewlett Packard 6890) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock Aerobic Bacterial Database (TSBA6.1) (Sasser, 1990) . Fatty acid analysis was performed in duplicate. The cellular fatty acid profiles of strain DCY49
T and the reference strains are shown in Table 2 . The major cellular fatty acids of strain DCY49
T were summed feature 3 (containing C 16 : 1 v7c, C 16 : 1 v6c and/or iso-C 15 : 0 2-OH; 32.1 %), iso-C 15 : 0 (21.3 %), iso-C 17 : 0 3-OH (11.9 %) and C 16 : 0 (11.1 %). The nine reference strains had very similar fatty acid profiles, with only minor variations in the respective proportions of the different components.
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v), concentrated in a vacuum rotary evaporator at 50 u C, and then extracted with 10 ml hexane. After using Sep-PakRVac 6 ml silica cartridges for purification, samples were analysed by HPLC [model, NS-6000A, Futecs; reversed-phase column YMC-Triart C18 (4.66250 mm 6 5 mm); flow rate 1.2 ml min 21 ; wavelength 270 nm; solvent methanol/2-propanol (7 : 3, v/ v)] according to Collins (1985) . The major isoprenoid quinone of strain DCY49
T was menaquinone 7 (MK-7) (95.3 %); other minor menaquinones amounted to 4.7 %.
The polar lipids of strain DCY49 T and P. aquatilis AR107 T were extracted and analysed by two-dimensional TLC (Minnikin et al., 1977) . The results are presented in Fig. S1 (available in IJSEM Online). The major polar lipid of strain DCY49 T was phosphatidylethanolamine; minor amounts of three unidentified aminolipids and five unidentified polar lipids were also present. P. aquatilis AR107 T displayed a similar polar lipid profile but contained only two unidentified aminolipids and three unidentified polar lipids.
For analysis of G+C content, the genomic DNA of strain DCY49
T was extracted and purified with a genomic DNA isolation kit, enzymically degraded into nucleosides by P1 nuclease and then treated using alkaline phosphatase. As determined according to Mesbah et al. (1989) , the DNA G+C content of strain DCY49 T was 40.5 mol%, a value within the range reported for Pedobacter species (36-45 mol%).
DNA-DNA hybridization experiments were performed in triplicate at optimum temperature (41 u C) using the fluorometric microplate method (Ezaki et al., 1989) .
Levels of DNA-DNA relatedness (mean±SD, n53) between strain DCY49 T and P. alluvionis NWER-II11 T , P. roseus CL-GP80 T , P. aquatilis AR107 T , P. borealis G-1 T , P. suwonensis 15-52 T , P. terrae DS-57 T , P. agri PB92 T and P. sandarakinus DS-27 T were 26.8±0.9, 4.4±1.1, 56.9±0.6, 6.7±0.4, 30.8±0.5, 11.4±1.0, 35.4±0.8 and 4.6±0.7 %, respectively. These values are well below the 70 % threshold proposed for species delineation (Wayne et al., 1987) , demonstrating that strain DCY49
T represents a distinct genomic species.
On the basis of this polyphasic taxonomic approach, strain DCY49
T is considered to represent a novel species of the genus Pedobacter, for which the name Pedobacter ginsengiterrae sp. nov. is proposed. Pedobacter ginsengiterrae (gin.sen.gi.ter9ra.e. N.L. n. ginsengum ginseng; L. n. terra -ae soil; N.L. gen. n. ginsengiterrae from soil of a ginseng field).
Cells are Gram-stain-negative, strictly aerobic rods approximately 0.7 mm in diameter and 2 mm in length, motile by gliding and devoid of flagella. Colonies grown on R2A agar for 2 days at 30 u C are pink, circular with regular edges and 0.5-1 mm in diameter. Growth occurs on R2A, nutrient and trypticase soy agars but not on MacConkey agar. Growth occurs at 4-34 u C (optimum, 28 u C), at pH 4.5-10 (optimum, pH 7) and in the presence of 0-3 % (w/v) NaCl (optimum, 0.5 %). Catalase-and oxidase-positive. Citrate is not utilized. Nitrate is not reduced to nitrite or nitrogen, and urease, indole and H 2 S are not produced. *Summed feature 3 contained C 16 : 1 v7c, C 16 : 1 v6c and/or iso-C 15 : 0 2-OH; summed feature 4 contained C 17 : 1 iso I and/or anteiso B; summed feature 9 contained iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 .
(15 mg). The major cellular fatty acids (.11 % of the total) are summed feature 3 (containing C 16 : 1 v7c, C 16 : 1 v6c and/ or iso-C 15 : 0 2-OH), iso-C 15 : 0 , iso-C 17 : 0 3-OH and C 16 : 0 . The predominant respiratory quinone is MK-7. The major polar lipid is phosphatidylethanolamine. Other minor polar lipids are three unidentified aminolipids and five unidentified polar lipids.
The type strain, DCY49 T (5KCTC 23317 T 5JCM 17338 T ), was isolated from soil of a ginseng field in South Korea. The DNA G+C content of the type strain is 40.5 mol% (HPLC).
